Genetics of psoriasis {#sec1}
=====================

Paraneoplastic dermatoses are a heterogeneous group of diseases for today more than 50 skin disorders have been reported as potential signs of neoplasms \[[@cit0001]\]. This diverse group includes inherited syndromes with an increased incidence of systemic neoplasia associated with skin manifestations and a wide spectrum of proliferative and inflammatory disorders that have been reported in patients with malignancies. Curth\'s postulates are known to define a relation between an internal malignancy and a cutaneous disorder \[[@cit0002]\]. They include six statements and it is important to note that not all criteria must be met to postulate a relation between a skin disease and a malignancy. First, both the malignancy and the skin disease began simultaneously; second, development of a parallel course, which means that the cutaneous symptoms disappear during treatment and can return in case of recurrence or metastases of the malignancy; third, the skin lesion is not associated with a genetic syndrome; fourth, the relation between the skin disease and the malignancy is uniform, which means a specific tumour cell type or site is associated with a characteristic cutaneous eruption; fifth, a statistically significant association must exist between the malignancy and a specific cutaneous disease; and last the dermatosis is rare in the general population ([Table 1](#t0001){ref-type="table"}). Skin lesions are indirectly induced by the tumour's release of growth factors, hormones or by an immunological, often T-cell mediated response to structures in the skin. Deposits of tumour antigen-antibody complexes on the basal membrane can also manifest as paraneoplastic phenomena \[[@cit0003]\]. Characteristic for paraneoplastic syndromes is that neoplastic cells are not present in the skin lesions.

###### 

Curth\'s postulates

  ----- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1\.   The malignancy and the skin disease both began simultaneously
  2\.   Development of a parallel course, which means that the cutaneous symptoms disappear during treatment and can return in case of recurrence or metastases of the malignancy
  3\.   The skin lesion is not associated with a genetic syndrome
  4\.   The relation between the skin disease and the malignancy is uniform, which means a specific tumour cell type or site is associated with a characteristic cutaneous eruption
  5\.   A statistically significant association must exist between the malignancy and a specific cutaneous disease, and the dermatosis is rare in the general population
  ----- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Eye manifestations of the dermal paraneoplastic syndromes are not well known for the clinician, although a number of cases have already been reported. Ocular changes appear both on the anterior or posterior segment of the eye and can masquerade common disorders like chalazion \[[@cit0004]\], conjunctivitis \[[@cit0005]\], corneal ulcer, scleritis \[[@cit0006]\], episcleritis or uveitis \[[@cit0007]\]. Some of them can lead to serious complications, including blindness, like corneal perforation, panuveitis, occlusive vasculitis with retinal haemorrhages or optic nerve oedema \[[@cit0008], [@cit0009]\].

Dermal paraneoplastic syndromes associated with eye disorders {#sec2}
=============================================================

Paraneoplastic pemphigus {#sec2.1}
------------------------

Multiple types of neoplasia have been associated with paraneoplastic pemphigus. The majority of them are lymphoproliferative malignancies. Other more or less malignant tumours, including poorly differentiated carcinomas, retroperitoneal non-Hodgkin lymphoma (reticulum cell sarcoma), Castleman's tumour, bronchogenic squamous cell carcinoma, gastric adenocarcinoma and endometrial adenocarcinoma and thymoma have been reported \[[@cit0003], [@cit0010], [@cit0011]\]. In 1990, Anhalt et al. established five criteria to define paraneoplastic pemphigus: 1. painful mucosal erosions and a polymorphous skin eruption, with papular lesions progressing to bullae and resulting in erosive lesions affecting the trunk, extremities, and palms and soles, associated with confirmed or occult neoplasm; 2. cutaneous histologic changes -- intraepidermal acantholysis, keratinocyte necrosis, and vacuolar-interface dermatitis; 3. deposition of IgG and complement in the epidermal intercellular spaces, as well as granular-linear complement deposition along the epidermal basal membrane zone (direct immunofluorescence test); 4. serum auto-antibodies that bind the cell surface of epidermal skin cells and mucosal cells in a pattern typical of pemphigus, but in addition bind to simple, columnar, and transitional epithelia; 5. a complex of four proteins (190, 210, 230, 250 kD) immunoprecipitated from keratinocytes by these auto-antibodies \[[@cit0012]\].

Eye changes like conjunctival erosions, pseudomembranous conjunctivitis and relentless conjunctival scarring with symblepharon formation (comparable to the findings in ocular cicatricial pemphigoid) were described as the ocular manifestation of paraneoplastic pemphigus \[[@cit0010]\] ([Table 2](#t0002){ref-type="table"}). Also paraneoplastic pemphigus with recurrent corneal melting, symblepharon and pterygium after 2 years of complete Castleman's tumour resection has been reported. Serum auto-antibodies remained detectable for 2--4 years after surgery without recurrence of the tumour, suggesting that the immune reaction persisted \[[@cit0013]\]. Hyperaemic conjunctivitis in both eyes with large ulcerations on superior eyelids and marginal erosions on the inferior eyelids were also reported to be associated with paraneoplastic pemphigus \[[@cit0014]\]. In this case, conjunctival inflammation can be reduced by topical corticosteroids \[[@cit0014]\]. For eyelid ulceration, topical cyclosporine with dexamethasone and ofloxacin as an antibiotic has been described \[[@cit0014]\]. In another case, the authors presumed that paraneoplastic pemphigus caused ocular surface disease with small epithelial defects of the cornea, which eventually led to corneal melting and perforation \[[@cit0010]\]. Treatment in the case of corneal melting was conducted initially with frequent instillation of artificial tears and sodium hyaluronate. After perforation of the cornea and impending blindness, surgical procedures with a transplantation of an amniotic membrane graft has been proposed. If further melting of the cornea occurs, then a keratoplasty is recommended \[[@cit0010]\].

###### 

Dermal paraneoplastic syndromes

  Dermal paraneoplastic syndromes                          Ocular manifestations on adnexae and eye motility                                                                                            Ocular manifestation in the anterior segment                                                                                                                                                                                                                                                                                                                    Ocular manifestation in the posterior segment
  -------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------
  Paraneoplastic pemphigus                                 Ulcerations on eyelids Marginal erosions on the inferior eyelids Symblepharon                                                                Conjunctival erosions, pseudomembranous conjunctivitis, conjunctival scarring with symblepharon formation, pterygium, epithelial defects of the cornea, corneal melting, corneal perforation                                                                                                                                                                    --
  Acanthosis nigricans                                     Papillary changes on lid margins and tarsal conjunctiva, loss of the eyelashes and eyebrows, epiphora from occlusion of the lacrimal ducts   Conjunctival hyperaemia                                                                                                                                                                                                                                                                                                                                         CARD14
  Sweet syndrome (acute febrile neutrophilic dermatosis)   Periorbital or orbital inflammation, eruptions, eyelid inflammation with vesicular lesions, dacryoadenitis                                   Conjunctivitis, chemosis, episcleritis, scleritis, nodular scleritis, subconjunctival haemorrhage, peripheral ulcerative keratitis, keratitis, limbal nodules, iritis, panuveitis, inflammatory glaucoma                                                                                                                                                        Choroiditis, retinal vasculitis, occlusive vasculitis, panuveitis, papillitis with secondary macularoedema, disc oedema, glaucoma
  Muir-Torre syndrome                                      Sebaceous gland tumours on eyelids                                                                                                           --                                                                                                                                                                                                                                                                                                                                                              --
  Gardner syndrome                                         Orbital osteomas and soft tissue tumours of the eyebrows and eyelids                                                                         --                                                                                                                                                                                                                                                                                                                                                              Congenital hypertrophy of the retinal pigment epithelium, benign pigmented naevi, rarely retinal invasion and formation of a minute mushroom-shaped tumour
  Ataxia telangiectasia                                    Disturbance in ocular motility                                                                                                               Progressive conjunctival telangiectasias (primarily visible in the palpebral fissure)                                                                                                                                                                                                                                                                           --
  MEN 2B syndrome                                          Eyelid thickening, neuromas, ptosis, posterior blepharitis, decreased basal tear production                                                  Subconjunctival neuromas, conjunctival hyperaemia with peripheral corneal neovascularization, prominent corneal nerves, rostral displacement of cilia, poor pupillary dilatation Development of perilimbal nodular changes in association with the neovascular corneal arcade and prominent corneal nerves can be a key distinguishing feature of men type 2b   --

Acanthosis nigricans {#sec2.2}
--------------------

Acanthosis nigricans occurs usually as a pigmented skin lesion over the neck, groin and axillar area or on the mucosal surfaces (particularly the oral mucosa). It has a variety of subtypes, including the hereditary type (presents during childhood and is usually benign and not associated with systemic disease), pseudoacanthosis nigricans that is associated with endocrine disorders (hyperinsulinemia, diabetes mellitus, thyroid disease, obesity and rare ACTH-releasing pituitary tumours), drug-induced acanthosis nigricans and the type which affects mostly elderly patients and is strongly associated with malignancy. Adenocarcinoma of the gastrointestinal tract (the most frequent), hepatic, oesophageal, bronchial carcinoma and breast cancer are the most common tumours associated with this paraneoplastic syndrome. Other tumours such as sarcomas, Hodgkin disease and lymphomas are rarer \[[@cit0015]\]. Conjunctival hyperaemia with fine papillary changes in both lid margins and tarsal conjunctiva, loss of the eyelashes and eyebrows, epiphora from occlusion of the canaliculi with papillomatous lesions and ectropion were reported as ocular findings in acanthosis nigricans \[[@cit0015], [@cit0016]\] ([Table 2](#t0002){ref-type="table"}). For conjunctival hyperaemia, treatment with prednisolone 0.5% eye drops, hydrocortisone 1% eye ointment and artificial tear drops can be performed. In order to correct the ectropion, a diamond-shaped medial conjunctivoplasty can be performed \[[@cit0015]\].

Sweet syndrome (acute febrile neutrophilic dermatosis) {#sec2.3}
------------------------------------------------------

Sweet syndrome occurs as a papular rash or as indurated, painful erythematous plaques, located on the thorax, limbs and face. Alco extracutaneous manifestations including the eyes, kidneys, bone, liver, central nervous system, intestines, heart, mouth, muscles, spleen, and lungs can appear \[[@cit0006]\]. 20% of cases appear as a paraneoplastic syndrome and from these 85% are related with haematological malignancies (mostly acute myeloid leukaemia). The other 15% are associated with adenocarcinoma of the breast, upper genitourinary tract and upper intestinal tract \[[@cit0017]\]. There are three known clinical types: idiopathic, malignancy-associated or drug-induced. Diagnosis is based on various criteria \[[@cit0018]\]. Major criteria include abrupt onset of painful erythematous nodules or plaques and histopathological findings of dense neutrophilic infiltrate without evidence of leukocytoclastic vasculitis. Minor criteria are: fever \> 38°C, association with hematologic or visceral malignancy, inflammatory disease, pregnancy, appearance preceded by the upper respiratory tract infection, gastro-intestinal infection or vaccination, excellent response to treatment with systemic corticosteroids or potassium iodide, abnormalities in laboratory tests (three of four): erythrocyte sedimentation rate \> 20 mm/h, high C-reactive protein, leukocytes \> 8000/µl with \> 70% neutrophils. The presence of both one major criterion and two minor criteria is needed to establish the diagnosis of idiopathic Sweet syndrome and in paraneoplastic Sweet syndrome, an additional malignancy must precede, follow or appear simultaneously with the diagnosis. Drug-induced Sweet syndrome has other criteria to establish the diagnosis \[[@cit0017], [@cit0018]\]. Ocular involvement in Sweet syndrome is ranged from 4% to 72%, with the appearance of conjunctivitis or episcleritis in most cases. Scleritis, subconjunctival haemorrhage, glaucoma (inflammatory glaucoma), orbital as well as periorbital and eyelid inflammation, eruptions, dacryoadenitis, limbal nodules, peripheral ulcerative keratitis, iritis, choroiditis, retinal vasculitis and occlusive vasculitis can also occur \[[@cit0006], [@cit0019]--[@cit0021]\] ([Table 2](#t0002){ref-type="table"}). Severe bilateral chemosis as the first sign of recurrent Sweet syndrome in a patient with stable skin lesions and rapid clinical improvement after initiation of corticosteroid therapy were reported \[[@cit0019]\]. Another described case is bilateral panuveitis and papillitis with secondary macular oedema in the left eye and mildly increased T2 signal intensity in the right optic nerve on STIR images in MRI as a unique demonstration of Neuro-Sweet syndrome which usually presents with CNS involvement (meningitis or encephalitis) \[[@cit0021]\]. The age of patients with eye involvement are for women: from the third to the fifth decade and for men: from the fifth to the seventh decade. In half of the cases, manifestation is unilateral. Ocular symptoms appear simultaneously or several days after skin lesions \[[@cit0020]\], however, a case with Sweet syndrome in which the patient presented nodular scleritis and peripheral ulcerative keratitis during the dermatologically inactive period of the disease was described \[[@cit0006]\]. Treatment with fluorometholone 0.1%, ofloxacin 0.3% and artificial tear eye drops 5 times a day together with oral fluocortolone has promising effects with immediate improvement within 2 days and resultant regression of nodular scleritis and peripheral keratitis after 7 days has been described \[[@cit0006]\].

Sweet syndrome and its potentially sight-threatening complications demand multidisciplinary co-operation.

Inherited syndromes with an increased incidence of systemic neoplasias associated with skin manifestations {#sec3}
==========================================================================================================

Muir-Torre syndrome, Gardner syndrome, ataxia telangiectasia, MEN 2B are inherited disorders with an increased incidence of systemic neoplasias associated with skin and ocular manifestations. All of them except of ataxia telangiectasia, which is transmitted autosomally recessive disorder, are transmitted autosomally dominant disorder.

Muir-Torre syndrome is defined by the presence of internal malignancies of sebaceous gland tumours in the absence of other predisposing factors \[[@cit0022]\]. Sebaceous adenomas themselves are rare and benign sebaceous gland tumours can be found anywhere on the body. Due to the presence of meibomian glands and other sebaceous glands, the paraneoplastic syndrome has a predilection for the eyelids ([Table 2](#t0002){ref-type="table"}). Also a case of Muir-Torre syndrome masquerading as chalazion has been reported \[[@cit0004]\]. Treatment for the sebaceous adenomas is promising solely with surgical excision of the lesions \[[@cit0023]\]. No local treatment shows satisfying results.

Gardner syndrome is one variant of familial adenomatous polyposis. Extracolonic manifestations present as osteomas, skin tumours, dental anomalies and desmoid tumour. Multiple or bilateral congenital hypertrophy of the retinal pigment epithelium is observed in this disorder and can be considered as a clinical disease marker \[[@cit0023]\]. The majority of lesions have a size of less than 0.5 DD, larger lesions of them have variable degrees of hypopigmentation, are usually ovoid to round shaped, can have a hypopigmented halo or tail and protrude near the posterior pole of the eye bulb. Small flat and hyperpigmented lesions are predominantly at the equator and fundus midperiphery \[[@cit0024]\]. The histologic changes discovered in the eyes in post-mortem examinations of patients with Gardner syndrome indicate an influence of the familial adenomatous polyposis gene on the retinal pigment epithelium. Congenital hypertrophy of the retinal pigment epithelium, benign pigmented naevi and other types of lesions that were most consistent with hamartomatous malformations of the retinal pigment epithelium feature cellular hypertrophy, hyperplasia, and rarely retinal invasion and formation of a minute mushroom-shaped tumour \[[@cit0025]\] ([Table 2](#t0002){ref-type="table"}). Other uncommon lesions that can occur are orbital osteomas and soft tissue tumours of the eyebrows and eyelids \[[@cit0024]\]. No treatment has been described for the lesions on the retina.

Ataxia telangiectasia is a disorder characterized by early onset of progressive cerebellar ataxia, oculocutaneous telangiectasia, ocular motor apraxia, dysarthria and immunodeficiency that is associated with an increased susceptibility to haematological malignancies (lymphoma and leukaemia) and an increased prevalence of breast cancer \[[@cit0026]\]. Cutaneous involvement is common and presented as cutaneous telangiectasia, skin atrophy, *café-au-lait* spots and premature greying of hair and cutaneous granulomas. A case of multi-drug resistant rosacea in a child with ataxia telangiectasia also has been reported \[[@cit0027]\]. Eye changes occur as progressive conjunctival telangiectasias (primarily visible in the palpebral fissure, but in the elderly patient they can be also seen in the upper and lower conjunctival fornix) and disturbance in ocular motility \[[@cit0026]\] ([Table 2](#t0002){ref-type="table"}).

MEN 2B is characterized by pheochromocytoma, multiple mucosal neuromas and medullary thyroid carcinoma, which is a potentially life-threatening condition. Eye disorders in MEN 2B syndrome present as a wide spectrum, including prominent corneal nerves, eyelid thickening, neuromas, ptosis and posterior blepharitis. Subconjunctival neuromas, conjunctival hyperaemia with peripheral corneal neovascularization, decreased basal tear production, rostral displacement of cilia, and poor pupillary dilatation \[[@cit0028], [@cit0029]\] ([Table 2](#t0002){ref-type="table"}). Development of perilimbal nodular changes in association with the neovascular corneal arcade and prominent corneal nerves has been suggested to represent a key distinguishing feature of MEN type 2B ([Table 2](#t0002){ref-type="table"}). Ocular manifestations can precede other systemic changes that enable recognition of MEN 2B in a premalignant stage, which makes them particularly important \[[@cit0029]\]. Treatment for conjunctival hyperaemia has been proposed with preservative-free lubricating drops and topical fluorometholone resulting in the alleviation of conjunctival hyperaemia and ocular symptoms \[[@cit0028]\]. In case of suspected staphylococcal hypersensitivity oral tetracyclines have been described as a treatment modality \[[@cit0028]\].

Conclusions {#sec4}
===========

Contemporary patient management requires multidisciplinary co-operation between specialists and helps improve the quality of life, though one option is besides treatment of the underlying cancer and its paraneoplastic syndrome, the possibility of undergoing an oncological rehabilitation. The salutogenetic concept according to A. Antonovsky \[[@cit0030]\] renders rehabilitation as an important constituent of a holistically oriented tumour follow-up care \[[@cit0031]\].

Ocular manifestations of skin paraneoplastic syndromes should be known by clinicians because of their potentially sight-threatening complications that could be prevented early. Due to the fact that the ophthalmic symptoms may precede the appearance of changes on the skin or the development of malignancies, their knowledge enables prompt diagnosis of a life-threatening disease, thus improving the prognosis for the patient.
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